IMPORTANCE Dry eye is a common ocular surface condition with significant influence on patient quality of life and societal economic burden. There is an urgent need to prioritize new research for dry eye.
D ry eye is a multifactorial ocular surface condition that occurs when tear film homeostasis is disturbed. One of the most frequent ocular conditions (prevalence 5% to 50% globally 1 ), dry eye is more common among women and with increasing age. 1 Dry eye negatively impacts quality of life [1] [2] [3] [4] and functional capacity, such as reading ability. 5, 6 Another major impact is economic: $3.8 billion per year is spent on managing this condition in the United States ($783 per patient). 7 When productivity loss, physician visits, and other costs are considered, societal and per patient expenditures on dry eye approximate $55.4 billion per year and $11 302 per year, respectively. 7 Current dry eye treatment algorithms are mostly based on expert opinion, rather than on reliable evidence of improvement in specific outcomes. [8] [9] [10] This field urgently needs prioritization of new research so that effective treatments are brought to bear on patient care. We previously surveyed clinicians managing dry eye to identify their most important unanswered clinical questions. 11 Most questions pertained to topical and other treatments already being used clinically. 11 Dry eye research prioritization efforts must also incorporate patient perspectives, 12 in part because assessments of both the disease process and treatment outcomes include the use of patient reports. In addition, patient voices must also inform outcome prioritization efforts. 3, [12] [13] [14] Our objective in the present study was to identify and rank research questions and outcomes important to patients with dry eye.
Methods
We followed the 6-step approach described below (eAppendix1intheSupplement). The Johns Hopkins Bloomberg School of Public Health Institutional Review Board (Baltimore, Maryland) approved this study. Written patient informed consent was obtained as part of the survey.
Step
1: Selecting Research Questions for Patient Prioritization
We previously identified 24 research questions (hereinafter referred to as questions) important to clinicians treating patients with dry eye. 11 We selected the 12 questions rated as most important by the clinicians to be prioritized by patients in the present study.
Step 2: Selecting Outcomes for Patient Prioritization A completely specified outcome has 5 elements: domain, specific measurement, specific metric, method of aggregation, and time points. 15, 16 In the present study, we focused on the domain (eg, visual acuity). For instances in which a study used a single instrument (eg, Ocular Surface Disease Index) to aggregate and present multiple domains, we considered the domain representing the aggregated outcome (eg, patient overall assessment of ocular surface symptoms). For instances in which a study separately considered the aggregated outcome and its individual domains (eg, ocular itching), we determined that the study had included both the domain representing the aggregated outcome and the individual domains.
In other words, we deconstructed aggregated outcomes only when the study investigators did. We identified all outcomes in existing research assessing interventions for dry eye reported as of June 13, 2017. We defined existing research as systematic reviews (hereinafter called reviews), published clinical trials, and National Eye Institutefunded trials registered on ClinicalTrials.gov (hereinafter called registered trials).
Outcomes in Reviews
We identified reviews assessing intervention effectiveness for dry eye through the Cochrane Eyes and Vision US Satellite database of eyes and vision reviews. This database, which supports our work with the American Academy of Ophthalmology's Preferred Practice Patterns, includes both Cochrane and non-Cochrane reviews. We extracted each outcome named in each review's Methods or Results sections.
Outcomes in Published Trials
We examined each published randomized trial that each review included. For each trial, we examined the journal article cited in the review, and when multiple journal articles were cited, we examined the first article cited. We extracted each outcome named in the Methods or Results section of each trial.
Outcomes in Registered Trials
We identified each outcome examined in National Eye Institute-funded trials registered on ClinicalTrials.gov. To be more inclusive of outcomes for rating by patients, we used a low cutoff to define popularity of an outcome. We defined an outcome as popular in existing research if 10% or more of studies (ie, reviews, published trials, and registered trials) examined it; otherwise, the outcome was defined as unpopular.
Step 3: Identifying Survey Participants (Patients With Dry Eye)
visiting Dry Eye Zone's blog posts, webpages, or Facebook groups. While subscription to KeratoScoop is free and open to anyone, most subscribers are patients with dry eye. Given the absence of an established sampling theory for Delphi surveys, we did not conduct a priori sample size or power calculations.
Step 4: Conducting Delphi Round 1
In November 2017, we sent a website link for our survey (designed using Qualtrics survey software) by email to all current subscribers to KeratoScoop, an online newsletter generated by one of us (R.P.). We asked subscribers whether they or someone for whom they are a caregiver (eg, family member) were currently experiencing or had previously experienced dry eye, restricting participation in the present study to those who answered affirmatively. We asked caregivers to complete the survey on behalf of the person for whom they were providing care. For simplicity, we refer to all survey respondents hereinafter as patients. We followed the initial email with reminder emails 2 and 3 weeks later. We accepted responses up to 4 weeks after the first invitation.
Round 1 of the survey included 5 groups of items: (1) demonstration of understanding the purpose of the survey; (2) patient characteristics and email address; (3) ratings of importance of the questions prioritized by clinicians (eAppendix 2 in the Supplement); (4) ratings of importance of popular outcomes (eAppendix 3 in the Supplement); and (5) consideration of any of the unpopular outcomes as important. For outcomes, we also asked for preferred periods for measurement after starting treatment in a trial in the event the patient was to participate in a trial testing a new treatment of dry eye. The options included less than 3 months, 3 to 6 months, 7 to 12 months, more than 12 months, all periods, or no opinion (eAppendix 3 in the Supplement).
To facilitate patient comprehension and the provision of informed ratings, we accompanied all technical terms and concepts with lay language clarification. A long-term patient with dry eye (R.P.) helped develop the lay language.
Step 5: Conducting Delphi Round 2
For round 2 of the survey, we compiled the ratings of each outcome using a histogram (with the median) and an anonymized list of any patient comments regarding that outcome from round 1. In round 2, patients re-rated each outcome by taking into account their own response and those of their peers from round 1. Patients also provided ratings and preferred measurement periods for the 10 outcomes that were unpopular in existing research but most often preferred in round 1. In December 2017, one of us (I.J.S.) emailed to all patients who had completed round1awebsite link for round 2, with reminder emails sent 2 and 3 weeks later. We did not compensate patients for their participation.
Step 6: Designating and Ranking Important Research Questions and Outcomes
We analyzed the median, interquartile range (IQR), and range for each question and outcome, classifying as important all questions or outcomes that at least 75% of patients rated 6 or higher on a scale of 0 to 10 and classifying as moderately important all questions or outcomes that at least 75% of patients rated 5 or higher. To rank the questions or outcomes, we sorted them in decreasing order of the median, and when the median was tied, in decreasing order of the 25th percentile. We sent round 1 of the Delphi survey to 13 761 persons who were email subscribers to KeratoScoop (Figure 1) . The email was opened by 4211 subscribers (31%), of which 741 subscribers (18%) clicked through to the survey website for further information and began round 1. Among those who accessed the website through the email link, 622 patients (84%) and 420 patients (57%) completed rounds 1 and 2, respectively. The 420 persons who completed round 2 resided in 15 countries and included 414 patients (99%) and 6 caregivers (1%).
Results

Steps
The self-reported characteristics of patients were similar between those who completed rounds 1 and 2 ( Step 6: Designating and Ranking Important Research Questions and Outcomes
Rating of Questions
Patients rated 8 of 12 questions as important and 4 of 12 as moderately important (Figure 2 ). Among the 8 questions rated as important, 4 (50%) addressed topical treatments, 1 (13%) an environmental intervention, 1 (13%) an educational intervention, 1 (13%) a systemic treatment, and 1 (13%) a general treatment. The 3 most important questions pertained to effectiveness of patient education, environmental modifications, and topical anti-inflammatory eye drops.
Ranking of Questions by Underlying Diagnosis
Most rankings did not appear to differ by patient subgroups defined by underlying diagnosis (Figure 2 ). For example, the question on patient education was top ranked by all subgroups, except by patients with rheumatoid arthritis, who ranked it second. When questions were specific to certain conditions (eg, autologous serum for Sjögren syndrome), they were top ranked by patients with those conditions.
Rating of Outcomes
The medians, IQRs, and ranges of ratings of outcomes in round 2 of the survey were very similar to those in round 1 (eAppendix 7 in the Supplement). In round 2, patients rated 28 outcomes (ie, 18 popular outcomes plus 10 unpopular outcomes selected in round 1). Figure 3 shows ratings for these 28 outcomes in round 2 in decreasing order of the 25th percentile. We classified 26 of 28 outcomes as important and 2 of 28 as not important. The 10 most important outcomes included 6 symptoms, 3 outcomes associated with quality of life, and 1 sign or clinical testing outcome. Among these 10 outcomes, 4 were unpopular in existing research. The 3 most important outcomes were ocular burning or stinging, ocular discomfort, and ocular pain.
Both outcomes classified as not important pertained to salivary function (dryness of the mouth and salivary flow), which is generally compromised in patients with Sjögren syndrome. Compared with patients without Sjögren syndrome, those with it assigned statistically significantly higher ratings for dryness of the mouth (median, 10.0; IQR, 3. Ranking of Outcomes by Underlying Diagnosis Rank ordering of outcomes was consistent across diagnostic subgroups ( Figure 3 ). Of note, salivary function outcomes (dryness of the mouth and salivary flow) classified by the overall group as not important were also ranked lowest by patients with Sjögren syndrome. Although patients with Sjögren syndrome assigned a high rating to these salivary function outcomes (see preceding paragraph), they rated outcomes pertaining to the eye higher.
Period Preferences for Outcome Measurements
For 12 of 28 outcomes (43%), and notably for 7 of 11 symptom outcomes (64%), 75% or more of all patients preferred measurement within 3 months of starting treatment in a trial ( Figure 4 ). For all 28 outcomes, 50% or more of patients preferred measurement within 6 months. For some outcomes (eg, all 4 outcomes associated with quality of life), patients preferred measurement during all periods. For 9 of 10 outcomes rated lowest (eg, conjunctival staining and conjunctival impression cytology), fewer than 50% wanted measurement beyond 6 months after starting treatment ( Figure 4 ).
Discussion
Using a 2-round Delphi survey of 420 patients with dry eye, we identified 8 important research questions and 26 important outcomes for dry eye. Patients rated effectiveness of patient education, environmental modifications, and topical anti-inflammatory eye drops as most important. The 10 highest-rated outcomes included 6 symptoms, 3 outcomes associated with quality of life, and 1 sign or clinical testing outcome. Among these top 10 outcomes, we determined 4 to be unpopular in existing research on dry eye. Given their preeminence to both treating clinicians and patients, the important questions and outcomes we identified should be considered in trials and reviews.
Our results add to a growing body of work showing that researchers often do not report outcomes important to patients, the most directly affected stakeholders. [18] [19] [20] [21] [22] Among the 26 outcomes that patients deemed important in the present study, 10 were unpopular in existing research, suggesting that patients and researchers do not agree on what outcomes matter most or that patient relevance is not being adequately considered as a factor in the choice of outcomes for research or both. For example, the US Food and Drug Administration approved 2 drugs for dry eye based on evidence of improvement in 1 symptom and 1 sign in trials. [23] [24] [25] However, there is only a limited correlation between symptoms and signs in dry eye. [26] [27] [28] Such limited correlation and the evolution of newer clinical measurements might have, at least in part, accounted for the discrepancy in outcomes considered important by patients and researchers. Most funding agencies now encourage, and some require, inclusion of patient-important outcomes in trials. The findings of our study, by identifying patientimportant outcomes for dry eye, could help trialists satisfy this requirement. Rank (the warmer the color, the higher the rank)
IQR indicates interquartile range.
a The 18 popular outcomes in existing research are ocular burning or stinging; ocular discomfort; ocular dryness; visual acuity; patient's overall assessment of ocular surface symptoms; ocular foreign body sensation; tear film stability; ocular adverse events; artificial tear use; tear production or volume; corneal staining; nonocular adverse events; conjunctival hyperemia; ocular surface staining; conjunctival staining; conjunctival impression cytology; dryness of the mouth; and salivary flow.
b The 10 unpopular outcomes in existing research are ocular pain; influence of dry eye disease on patient's daily life; vision-related quality of life; patient's acceptability or satisfaction with treatment; ocular gritty or sandy sensation; overall assessment of treatment effectiveness assessed by patients; ocular tiredness or fatigue; photosensitivity or photophobia; intolerance to air drafts; and treatment cost. a For the 18 popular outcomes in existing research (ocular burning or stinging; ocular discomfort; ocular dryness; visual acuity; patient's overall assessment of ocular surface symptoms; ocular foreign body sensation; tear film stability; ocular adverse events; artificial tear use; tear production or volume; corneal staining; nonocular adverse events; conjunctival hyperemia; ocular surface staining; conjunctival staining; conjunctival impression cytology; dryness of the mouth; and salivary flow), we obtained preferred measurement periods during Delphi round 1 (n = 622 patients). For each outcome, we allowed patients to indicate multiple measurement periods. b For the 10 unpopular outcomes in existing research (ocular pain; influence of dry eye disease on patient's daily life; vision-related quality of life; patient's acceptability or satisfaction with treatment; ocular gritty or sandy sensation; overall assessment of treatment effectiveness assessed by patients; ocular tiredness or fatigue; photosensitivity or photophobia; intolerance to air drafts; and treatment cost), we obtained preferred measurement periods during Delphi round 2 (n = 420 patients). For each outcome, we allowed patients to indicate multiple measurement periods.
Research Questions and Outcomes Prioritized by Patients With Dry Eye
Original Investigation Research While diverging perspectives between researchers and patients are not unique to dry eye, they make a compelling and urgent case for developing a core outcome set for this burdensome and expensive condition. Core outcome sets are agreed on minimum sets of outcomes that should be reported by all trials in a given disease area. 29 They promote consistency across trials, thereby facilitating evidence synthesis and evidencebased health care. 30 By identifying 109 outcomes examined in existing research and prioritizing the 26 outcomes among them most important to patients, we have completed 2 early steps of core outcome set development. 31 Multi-stakeholder consensus development efforts are now needed to narrow the list of 26 important outcomes into a core outcome set. Such efforts should also consider outcomes discussed in recent reports of the Tear Film and Ocular Surface Society. 23, 32 We also identified likely differences in perspectives among researchers studying dry eye, that is, discrepancies among those conducting trials, and discrepancies between those conducting trials and those conducting reviews. Indeed, there were 1.7 times as many unique outcomes across the trials than across the reviews. This finding is consistent with what we reported previously for 4 other prevalent eye conditions. 33 In the present study, this multiplicity in outcomes likely accounted for the large proportion of unpopular outcomes among all outcomes in existing research (91 of 109 [83%]).
Strengths
First, to our knowledge, this is the only study to systematically engage patients with dry eye in determining priorities for research questions and outcomes. Second, the patients had received a range of underlying diagnoses. This enabled us to meaningfully examine whether the assigned ratings differed by underlying diagnosis. Third, we had a relatively large sample size, with 420 patients completing both Delphi rounds. Fourth, patients were predominantly older women, a population known to disproportionately experience dry eye. 10 Fifth, most patients had lived with dry eye for a long time (69% for more than 6 years). This allowed more experience-informed ratings of the importance of questions and outcomes than that which might have been feasible with a sample of patients who had more recently received this diagnosis. Sixth, we used the Delphi method to conduct online surveys of geographically dispersed patients. The anonymity of responses likely promoted honest ratings that were unaffected by dominant voices, a common challenge during in-person group deliberations. A particular benefit of engaging patients exclusively was that their voices were not readily influenced by clinicians or other experts. Seventh, although the survey contained technical terms, we added detailed clarifying lay language. A longterm patient with dry eye (R.P.) helped develop this clarifying language to ensure survey accessibility. Finally, we also obtained from patients their preferences regarding when during trials for dry eye they would like each important outcome to be measured.
Limitations
First, it is possible that we missed some outcomes in existing randomized trials addressing dry eye because we searched only for trials included in systematic reviews and in the ClinicalTrials.gov registry. We did not conduct a comprehensive search of all dry eye trials. Second, perhaps because of the regionalityoftheKeratoScoop newsletter, only small proportions of patients were of Asian race (2%) or Hispanic ethnicity (4%). Because dry eye is also common in these populations, 10, [34] [35] [36] future research should examine whether our results apply to them. Third, although 31% of recipients of KeratoScoop opened our invitation email, only 18% of those who opened it clicked through to the website and began round 1 of the survey. However, of the 741 individuals who began round 1 of the survey, 84% and 68% completed rounds 1 and 2, respectively. Some factors might have contributed to survey noncompletion: (1) although we included detailed clarifying language for all technical terms, the survey's complexity might have discouraged some patients, and (2) dry eye symptoms themselves might have interfered with survey completion. Finally, we identified all survey patients through the KeratoScoop newsletter. We do not know whether the priorities of patients with dry eye who do not subscribe to KeratoScoop are similar or different.
Conclusions
Through a 2-round Delphi survey of 420 patients with dry eye, we identified 8 research questions and 26 outcomes important to patients. Those conducting research and developing core outcome sets for dry eye should consider these priorities, which have also been informed by clinicians and existing research addressing dry eye.
Disclaimer: Dr Dickersin is the Reviews Editor of JAMA Ophthalmology, but she was not involved in any of the decisions regarding review of the manuscript or its acceptance. Step 1: Selecting research questions to be prioritized by patients In a prior study, * we translated all clinical recommendations from the 2013 American Academy of Ophthalmology (AAO) Preferred Practice Patterns (PPP) on dry eye ** into answerable questions. We then conducted a two round survey of clinicians managing patients with dry eye, identifying 24 important questions. We selected the 12 most important questions for rating by patients in the current study.
Step 2: Selecting outcomes to be prioritized by patients We identified the 109 unique outcomes examined in the 20 systematic reviews, 134 published clinical trials, and four National Eye Institute (NEI) funded trials registered on ClinicalTrials.gov addressing dry eye. We determined whether each outcome was "popular" (i.e., 10% of studies examined it; n=18 outcomes) or "unpopular" (i.e., <10% of studies examined it; 91 outcomes) in existing research.
Step 3: Identifying survey participants (patients with dry eye) We identified subscribers to KeratoScoop (R.P.'s weekly newsletter) as appropriate recipients of the two round Delphi survey. We restricted participation in this study to subscribers who were current or former patients or caregivers of patients with dry eye.
Step 4: Delphi Round 1 We asked patients to assign the 12 research questions and 18 popular outcomes an importance rating of 0 (low) to 10 (high) in Round 1. We also asked patients to indicate whether they considered any of the 91 unpopular outcomes was important. Round 1 of the survey was completed by 622 patients.
Step 5: Delphi Round 2 We asked patients to re rate the importance of each of the 18 popular outcomes, this time after reviewing the distribution of ratings and anonymized comments by their peers from Round 1. We also asked for specific ratings of importance of the top 10 unpopular outcomes. Round 2 of the survey was completed by 420 patients.
Step 6: Designating and ranking important research questions and outcomes We considered a given question/outcome to be "important" if 75% of all patients assigned a rating of 6 or greater. We considered a given question/outcome to be "moderately important" if 75% of all patients assigned a rating of 5 or greater. For questions, we analyzed the Round 1 ratings as final, and for outcomes, we analyzed the Round 2 ratings as final.
We identified eight questions and 26 outcomes as important to patients with dry eye. 
